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INTRODUCTION
Lumbopelvic pain (LPP) is common during pregnancy with up to 85% of women reporting pain during the third trimester [1] . The burden of LPP during pregnancy includes time off work, functional loss and reduced quality of life [2, 3] . Furthermore, while the majority of women recover soon after delivery [4] , a significant number continue to experience problems for many years post-partum [5] .
It is now well established that the pain and disability experienced by women with pregnancyrelated LPP are influenced by multiple elements [6, 7] . Numerous biological, psychological and lifestyle factors have been shown to contribute to the problem [1, [8] [9] [10] [11] [12] [13] , though much variance is unexplained, suggesting other issues require consideration. For low back pain (LBP) in general there has been recent interest in the role that altered body-image that is, the way the body feels to the individual [14] , might play in the pain experience [14] [15] [16] . There is evidence of reorganisation [17] [18] [19] [20] [21] [22] as well as morphological [23] [24] [25] [26] [27] [28] [29] [30] and biochemical changes [31, 32] in areas of the brain thought to subserve body-image. Several studies have reported that people with LBP perceive the back as fragile and vulnerable [33] [34] [35] , feel a sense of alienation and rejection of the back [36] [37] [38] , represent the back differently when asked to draw how the back feels to them [39, 40] and endorse questionnaire items associated with altered perceptual awareness of the back [16, 41, 42] . Furthermore, psychophysical findings consistent with disruption of the mechanisms that underpin body-image [43] such as decreased tactile acuity [44] , problems localising sensory input [45] , greater lumbar repositioning error [46] , poor trunk motor imagery performance [47, 48] and impaired visual recognition of actions [49, 50] also appear to be features of chronic LBP. Moreover, there are some data to indicate that strategies designed to improve body-image might improve clinical status [51] [52] [53] [54] [55] [56] [57] . 6 The changes in body shape and size associated with pregnancy suggest that pregnancy-related LPP might be a problem in which alterations in body-image are particularly relevant. The Fremantle Back Awareness Questionnaire (FreBAQ), a quick and simple tool for assessing perceptual awareness of the lumbopelvic region has been recently developed [41] and appears to have good psychometric properties [16] . In a recent investigation, scores on the FreBAQ were shown to be significantly higher in women with post-partum LPP and moderate disability compared to women who were pain free post-partum [58] . Given this finding in the post-partum population, we were interested in exploring if altered body-image of the lumbopelvic region during pregnancy was related to clinical status.
The primary aim of this study was to investigate if self-reported body-image, as assessed by the FreBAQ, is related to clinical status in women in the third trimester of pregnancy.
Specifically we investigated if body-image differs between participants who report LPP and those who don't, and for those who do report LPP does the degree of altered perception relate to clinical severity. A secondary question was to investigate what factors might contribute to altered body-image in LPP pain by exploring the relationship between body-image and pain related cognition, body satisfaction, local tissue sensitivity and clinical measures of bodyschema.
METHODS

Design
We undertook an exploratory, observational cross-sectional study of women in the third trimester of pregnancy. The study was approved by the Institutional Human Research Ethics Committee. All participants provided signed, informed consent and all procedures conformed to the declaration of Helsinki.
Participants
Between February and July 2014 a convenience sample of forty-two participants were recruited, irrespective of pain status, from pre-natal exercise classes and local community contacts. Participants were considered eligible if they were within their third trimester of pregnancy, were aged between 18 and 45, were fluent in written and spoken English and were otherwise healthy. Participants were excluded if they reported any significant extant medical or psychiatric condition, were taking any centrally acting medication, had a significant uncorrected visual impairment, were over 38-weeks pregnant or if they had experienced LPP sufficient to restrict work or leisure within the 6-months prior to the current pregnancy.
Procedure
On the day of testing eligible participants were presented with detailed information regarding the project and signed a consent form. All participants supplied basic demographic information, had their height and weight measured and provided information on previous LPP. Pregnancyrelated details were collected including pregnancy number, week of gestation and fundal height. Participants were asked to indicate if they had experienced any LPP since week 28 of the current pregnancy and record on a body chart where the pain was distributed. Lumbopelvic pain intensity was recorded as the average of three numerical rating scales (NRS) anchored 0='no pain' and 10='pain as bad as you can imagine' for i) worst pain over the last week, ii) average pain over the last week and iii) present pain, yielding a score out of 10 [59] . LPP related disability was estimated using the Pelvic Girdle Questionnaire (PGQ) [60] . Self-reported bodyimage of the lumbopelvic region was evaluated using the FreBAQ [16] . Participants were instructed that the questions should be answered in reference to the lumbopelvic region as a whole and modifications were made to the instructions to account for pain free participants [41] .
Participants next completed a variety of standardised surveys and physical tests. The questionnaires were completed first, and after a brief rest the physical tests were performed in the same order. All participants completed all testing though only data from women reporting LPP were used for further analyses. The participants were instructed not to inform the tester of their pain status and questionnaire scores were not viewed until after completion of all physical tests to ensure the tester was blinded to pain status and to the pain and disability scores.
Questionnaires
The level of pain-related catastrophisation was measured using the Pain Catastrophizing Scale (PCS) [61] , pain-related fear was estimated using the Tampa Scale of Kinesiophobia (TSK) [62] and the Back Beliefs Questionnaire (BBQ) [63] was used to assess beliefs regarding the inevitability and future consequences of LPP, for this questionnaire 'back/pelvic girdle trouble' was substituted for 'back trouble' [58] . The Body Area Satisfaction Scale (BASS), a subscale of the Multidimensional Body-Self Relations Questionnaire [64 1990 ], was used to evaluate body satisfaction. We utilised only two of the nine items, item 63: satisfaction or dissatisfaction with the lower torso (buttocks, hips, thighs, legs) and item 64: satisfaction or dissatisfaction with the mid torso (waist, stomach). The scores from the two items were averaged for analysis [65] .
Physical tests
One measure was undertaken to assess tactile acuity, a factor likely to contribute to the integrity of the representational body-schema. A set of mechanical callipers with precision of 1mm (Lafayette two-point aesthesiometer, Lafayette Instruments, Lafayette, IN, USA) were used to assess vertical two-point discrimination (TPD) threshold over the lumbopelvic region.
Participants were positioned in a seated position leaning on a table in front of them to ensure that the lumbar spine remained as flat as possible. The assessor marked the left and right posterior superior iliac spines (PSIS) which served as the centre point for all testing.
The aesthesiometer was applied to the back three consecutive times at each calliper distance and participants were instructed to indicate whether they could feel 'one' or 'two' points. Two ascending and two descending runs were performed for each side, in random order and a threshold value obtained for each run. The mean of the eight threshold scores provided an average TPD value for the lumbopelvic region.
One measure was undertaken to assess laterality recognition, a factor likely to contribute to the integrity of the postural body-schema. The 'Recognise' Application (Neuro Orthopaedic Institute, Adelaide, Australia) run on a tablet device was used to assess lumbar left/right judgement accuracy. Participants were positioned at a desk with the tablet flat on the table in front and centred to the person's midline. Pictures of a model bent or rotated to either the left or right were displayed for a maximum of 10 seconds and participants were instructed to as quickly and accurately as possible select either the 'left' or 'right' button, depending on which way they thought the person in the picture was moving. Twenty practice images were first undertaken, the results of which were not recorded. Following the practice trial participants completed two sets of forty images with a two minute rest between sets. An accuracy score was calculated as the percentage correct for these 80 images [47] .
Sensitivity to punctate pressure was assessed immediately inferior to the PSIS bilaterally. A disposable single-use Medipin (Medipin Limited, Hertfordshire, UK) was used to provide five repeated stimuli at a frequency of 1Hz. Immediately on completion participants were asked to indicate the level of pain they perceived during the five stimulations using a NRS. An average of the scores from each side were used for analysis.
Temporal summation to repeated punctate stimulation was also evaluated. After the initial five stimuli subjects rested for 20 seconds and then the stimuli were re-presented at a rate of 1 Hz for 30 seconds. The participants rated the level of pain they perceived during the last five stimuli. An index of temporal summation was obtained by subtracting the pain rating from the last five stimuli from the pain rating given for the initial five stimuli [66] . Testing was undertaken bilaterally in random order and the average of the two sides used for analysis.
Participants whose pain rating was >7/10 after the initial five stimuli were not assessed for temporal summation.
Data Analysis
The study was regarded as a pilot investigation and no formal power calculation was undertaken. All analyses were undertaken using Stata/IC 14.1 for Windows (StataCorp LP, College Station TX, USA). Data were inspected for normality and data transformation undertaken where appropriate. Descriptive statistics were used to present demographic information for the whole sample and describe clinical status of those participants reporting LPP.
Differences in pain intensity, disability and log-transformed FreBAQ scores between participants with low back pain only, pelvic girdle pain and both lumbar and pelvic girdle pain were explored using a one way ANOVA. Difference in FreBAQ scores between LPP and no LPP participants were assessed using the non-parametric Mann-Whitney U-test. Pearson's correlation was used to assess the association and other measured variables in those participants with LPP, log-transformed as necessary (PCS and lumbar punctate sensitivity).
RESULTS
Forty-three volunteers contacted the researchers of whom one did not meet eligibility criteria.
Forty-two women completed the study. Due to a technical problem the left/right judgement data for one participant was not recorded and the initial punctate pain sensitivity testing was rated over 7/10 in one participant, so temporal summation was not assessed, there were no other missing data. Nineteen (45%) participants had experienced previous LPP, whilst 23 (55%) had not. Eight (19%) participants had no current LPP and 34 (81%) were currently experiencing LPP.
Of the 34 participants reporting LPP, five recorded their pain as only lumbar, eight as only pelvic girdle and 21 as both lumbar and pelvic girdle. We found no difference in pain intensity, disability or FreBAQ scores across these three groups (data not shown) and all data were combined for further analysis. Demographic and pregnancy related details for the whole sample can be found in Table 1 . The median FreBAQ score for the eight pain-free women was 1 (IQR 0-1.5, range 0-3) and the median score for the 34 LPP participants was 3.5 (IQR 2-8, range 0-25). This difference was statistically significant (p=0.005). The frequency of responses to each item of the FreBAQ for LPP participants can be found in Table 2 . The most frequently endorsed item was item-9, my back feels lopsided (asymmetrical), which was endorsed to some extent by 61.8% of participants. In contrast, only 11.8% of participants endorsed item-8, my back feels like it has shrunk. The clinical status of the 34 participants who reported LPP can be found in Table 3 .
Untransformed scores are presented for ease of interpretation. The baseline FreBAQ scores were significantly correlated with pain intensity (r=0.378, p=0.027) but not with self-reported disability (r=0.256, p=0.143). These data suggest that greater levels of disturbed body-image are associate with greater pain intensity.
The results of the correlation analysis between FreBAQ score and pain related cognitions, body satisfaction, local tissue sensitivity and clinical measures of body-schema can also be found in Table 3 . Of the measured variables only pain catastrophisation was significantly associated with disrupted body-image (r= 0.403, p=0.018). A graphical representation of this relationship 15 can be found in Figure 1 . These data suggest that greater levels of disturbed body-image are associate with greater pain catastrophisation. 
DISCUSSION
The principal aims of this study were to investigate if self-reported changes in body-image were present in women in the third trimester of pregnancy and if these changes were related to clinical severity. We found that the FreBAQ scores of women who were experiencing LPP were significantly higher than those who weren't. Furthermore, amongst those participants who were experiencing LPP, FreBAQ scores were significantly correlated with pain intensity.
These data suggest that greater levels of disrupted body-image are associated with greater pain intensity. A number of interventions that potentially target disturbed body-image have been successfully trialled in people with chronic LBP [51] [52] [53] [54] [55] [56] [57] , and it might be that similar strategies are worth testing in people with pregnancy-related LPP, particularly those who present with evidence of disrupted body-image. The median value of the FreBAQ reported by the women who were pain free (1) is similar to what we have reported previously in a mixed gender group of healthy controls (0) [41] and a group of women who were pain free post-partum (2) [58] . Direct comparison is difficult due to the small sample size in this study, however the data do suggest that despite the changes in body size and shape during pregnancy, disturbed perceptual awareness of the lumbopelvic region is not present in those who are pain free.
Although FreBAQ scores were significantly higher in those with pain and significantly correlated with pain intensity, the median score reported in this sample (3.5) was somewhat lower than we have found in a small homogeneous sample of people with chronic LBP (11) [41], a large heterogeneous sample of people with chronic LBP (9) [16] and in a sample of women with persistent post-partum LPP (7) [58] . This discrepancy could reflect differences in chronicity and clinical severity. In the present study we excluded people who had experienced any LPP in the six-months prior to the current pregnancy so it is likely that participants had experienced pain for at most a few months. In contrast the people in the chronic LBP samples had experienced pain for around eight to ten years [16, 41] and the post-partum LPP patients about one year [58] . The measures of clinical severity used across the available studies were not identical and not easily compared, however the pain severity recorded in the present sample of around 4/10 is somewhat less that the 5-6/10 seen in the two chronic LBP samples [16, 41] .
One speculative interpretation of these data is that altered body-image develops relatively early in an episode of pain and progresses as the condition worsens and persists. Clearly longitudinal data is needed to further understand the potential temporal interactions between altered bodyimage, clinical severity and pain persistence.
The association between LPP intensity and disturbed body-image is consistent with our previous work in people with chronic LBP [16, 41, 42] . While cross-sectional studies do not provide evidence of causality, it is at least plausible that changes in body-image can impact on the pain experience. Efficient and adaptive movement requires an intact perception of the body and its position in space. Movement quality may be compromised if body-image is disrupted leading to abnormal tissue loading and possible movement related pain [67, 68] . It has also been hypothesised that changes in body representation may give rise to pain due to a mismatch between predicted and actual responses of a motor action [69] . It is also possible that nociceptive sensitivity might be enhanced by changes in body-image. A number of investigators have shown that sensitivity to experimental pain is increased when perception of the body part is distorted by visual manipulation [70] [71] [72] [73] and clinical disruption of perceptual awareness might have a similar outcome in patients. We found no association between FreBAQ scores and punctate sensitivity which suggests against this claim, however in previous work we have shown a relationship between pressure pain sensitivity and FreBAQ scores [16] . In that study we found no association with heat or cold pain thresholds [16] and it may be that sensitivity testing such as thermal and punctate measures, which stimulate primarily cutaneous nociceptors, are not responsive to sensitivity changes that may be associated with clinically altered body-image.
A secondary question was to investigate what factors might contribute to altered body-image in pregnancy-related LPP pain. Body-image is a complex issue with varied definitions offered in the literature. What is consistent is that body-image is regarded as a moderately stable, conscious and perceptual construct that is contributed to by multiple factors [74] [75] [76] . Most authors agree that body-image emerges from an interaction between internally held body maps, multiple streams of sensory information, motor commands and beliefs and attitudes about the body [43, [76] [77] [78] .
The testing used here to investigate sensory and motor processes showed no relationship with FreBAQ scores and in fact suggest little disruption in either the postural or representational schema or nociceptive processing. The left/right judgement accuracy rate and TPD distance are very close to what has been previously reported for the healthy pain-free population [47, 79] and the punctate sensitivity scores appear similar to what has been reported in a healthy population using similar methodology [80] .
Though previous work has shown an association between fear of movement and FreBAQ scores in chronic LBP [16, 42] , we found no association with the TSK or BBQ scores, suggesting that fear of movement and the beliefs about the future consequences of LPP do not impact on altered body-image early in an episode of LPP. However we did find a relationship between body-image and pain catastrophisation, a finding consistent with our previous research in chronic LBP [16, 41, 42] , though this should be interpreted cautiously given the generally low levels of catastrophisation in this sample. The pain catastrophisation scale is designed to capture aspects of catastrophic thinking in relation to pain [81] and it is possible that the elements of the questionnaire that may reflect concerns about the integrity of the body in pain underpin this relationship. Interestingly, the BASS demonstrated no relationship with the FreBAQ score, suggesting a dissociation of the more perceptual properties of the body assessed by the FreBAQ and body aesthetics. While speculative, these preliminary results may reflect that early changes in body-image in people in pain are mediated by changes in appraisal of the body with disruption of the sensory and motor correlates developing later. This clearly requires confirmation on larger prospective samples.
The findings of this study need to be interpreted in light of the study limitations. As this was only an exploratory investigation with a limited sample size, the results should be interpreted cautiously as the study may have lacked power to detect some important associations.
Additionally, we did not record or monitor foetal position and it is plausible that this could have impacted on self-reported body-image. In the analysis presented here we have grouped participants with primarily lumbar pain and primarily pelvic pain together, different results might arise in future investigations if these groups are considered separately. Most importantly, the study is cross-sectional so does not provide information on causality, further longitudinal investigations are needed to understand if altered body-image is a cause or a consequence of pain in this population. Finally, other forms of psychophysical testing relevant to body-image such as body form mapping [82] , repositioning accuracy [46] or sensory localisation [45] are available and might return different results to the ones presented here.
CONCLUSION
We found that self-reported disruption of body-image was significantly greater in pregnant women who were experiencing LPP than those who weren't and that the extent of bodyimage disruption was significantly correlated with pain intensity. Further research is needed to determine if there is a causal relationship between disrupted body image and pain in this population. Only pain related catastrophisation was related to disrupted body-image. Tests that investigated sensory and motor function showed no relationship and the values recorded were very similar to those seen in healthy populations. While speculative, these preliminary data suggest that changes in body-image associated with LPP during pregnancy might be primarily driven by negative cognitive factors.
